Introduction {#s1}
============

Kimura disease (KD) is a rare, chronic inflammatory disease, clinically characterised by a triad of painless subcutaneous lump, infiltrative eosinophil in tissue and blood and elevated serum immunoglobulin E (IgE). This pruritic inert nodule attacks predominantly in the head and neck region, although in some patients it advanced to nephritic syndrome. It was reported that up to 50% of patients relapsed after the three mainstays of treatment.[@R1] To reduce the chance of recrudescence, radiotherapy was recommended after surgical resection.[@R2]

Although a tendency to develop cancer and fatal outcome have not been reported in KD, it is longlasting and refractory.[@R3] Patients treated with the duplicate protocol had different outcomes, with some not experiencing recurrence and others suffering.[@R4] Elucidation and clarification of the pathogenesis might result in more efficient molecular precision medicine. The precise pathogenesis of KD might be multifaceted and the immunopathogenesis of KD is obscure, although much research suggests Th2 polarisation.[@R5] Immune dysregulation was one of its characteristics.

Interleukin (IL)-21 is produced by activated T cells and exerts an influence on inflammation and autoimmunity.[@R6] ERK1/2 is one of six distinct classes of the mitogen-activated protein kinase family and has myriad functions both in health and disease.[@R7] To the best of our knowledge, few reports have examined whether IL-21 and phosphorylated extracellular signal regulated kinase 1/2 (pERK1/2) are associated with the immunopathogenesis of KD. To investigate the roles of IL-21 and pERK1/2 in the pathogenesis of KD, the expression of IL-21 and pERK1/2 was investigated immunochemically in patients with KD who had undergone postoperative radiotherapy, and their potential prognostic value in KD was assessed.

Material and methods {#s2}
====================

Approval from the institutional review board was obtained at the First Affiliated Hospital of Xinjiang Medical University before starting the study (20140521--01). Informed consent was obtained from each patient.

Clinical records were retrieved and excisional biopsy specimens were available in the pathology department. Assessed clinicopathological variables included age, gender, eosinophils, location, multiplicity, laterality, size, duration, primary outbreak and outcome.[@R4] [@R10] All patients underwent complete resection under general anaesthesia and postoperative radiation; the samples were fixed in formalin within 30 min. Radiotherapy regimens were from 36 to 40 Gray in fractions of 2 Gray.

Between 2006 and 2014, 18 patients with KD (14 male and 4 female subjects, aged 11--61 years, mean age 31.2) treated in hospital were included in this study. Patients who were exposed to any radiotherapy or oral steroids before admission were excluded. The control group for the immunohistochemistry study comprised five subjects (four male and one female, aged 17--60 years, mean age 35.4) with an adjacent normal area surrounding malignant parotid gland tumours.

The pathological diagnosis was established from the histopathological findings.[@R11] All pathological sections presented similar histopathological features. One pathologist established the diagnosis, which was confirmed by another experienced pathologist on the basis of the following characteristic features: lymphoid tissue follicular proliferation, various degrees of proliferated vasculature and fibrosis as well as the scatter of eosinophils, lymphocytes, and mast cells' infiltration.

Patients were followed up from discharge by mail or telephone according to the routine clinical practice. If any recurrence was suspected, the patient was asked back for clinical inspections and interventions. The time to relapse was recorded. Recurrence is defined as a swelling or pruritus confirmed histopathologically. Disease-free survival (DFS) is defined as the time (in months) from the date of discharge to April 2015 or until the date recurrence was diagnosed.

Formalin-fixed and paraffin-embedded tissues were cut into 4 μm sections, which were stained with haematoxylin and eosin and antibodies. Sections were deparaffinised and hydrated. Endogenous peroxidase activity was inhibited with 3% hydrogen peroxide for 15 min, followed by rinsing with phosphate-buffered saline (PBS). For antigen retrieval, slides were microwaved with sodium citrate buffer (pH=6.0). The primary antibodies, rabbit IL-21 antibody (1:100 dilution, Thermo Fisher Scientific: PA5-34801, Massachusetts, USA) and rabbit anti-ERK1 (pT202/pY204)+ERK2 (pT185/pY187) (1:50 dilution, Abcam: ab32538, Cambridge, UK), were incubated at 4°C overnight. The sections were rinsed three times with PBS and allowed to react with biotinylated antibody (Zsbio, Beijing, China) for 25 min at room temperature. Colorimetric detection was completed with 3,3'-diaminobenzidine (Zsbio, Beijing, China), and slides were counterstained with haematoxylin. Omission of the primary antibodies was obtained as the negative controls.

IL-21 and pERK1/2 were evaluated by two pathologists who had no knowledge of the clinicopathological outcomes. The images of IL-21 were captured with a Leica digital camera at 200× magnification onto a computer and analysed using Image-Pro Plus software (V.6.0, Media Cybernetics, LP, USA). Five regions of interest from each section were obtained, and the total integrated optical density (IOD) was measured (IOD=density (mean)×area).[@R14] The average IOD in each section was calculated.

Sections of pERK1/2 were evaluated by an Olympus BH-2 microscope (Olympus, Tokyo, Japan). The nuclear localisation of pERK1/2 was considered as a positive expression. The expression of pERK1/2 was scored semiquantitatively. The percentage of positive cells were graded as: 1, \<25%; 2, 26--50%; 3, 51--75% and 4, \>75%. The intensity of expression was scored as: 1, weak; 2, moderate and 3, strong. Final histochemical scores (H-score) were calculated by multiplying the percentage by the intensity of expression.[@R15] Five separate positive areas were scored in each slide and an average H-score of 2 was used as the cutoff criterion. Patients were separated into either weak expression or overexpression.

Statistical analysis {#s2a}
--------------------

DFS was the primary endpoint of this study. A Shapiro--Wilk test was used to assess whether or not data were normally distributed. Normally distributed data were analysed by Student\'s t-test and presented as mean±SD. Categorical variables were expressed as percentage and analysed by Fisher\'s exact test. The cutoff point to convert a continuous variable (IOD of IL-21) into a categorical value was calculated with a lower p value.[@R16] The Kaplan--Meier method was used to estimate recurrence rate. Univariate and multivariate Cox regression models were used to evaluate the association between DFS and clinicopathological variables. Parameters considered statistically significant (p\<0.10) in the univariate model were analysed in the multivariate models. All two-sided p values \<0.05 were considered as significant. All analyses were carried out using SPSS software (SPSS V.17.0, Chicago, Illinois, USA).

Results {#s3}
=======

Clinicopathological information is shown in [table 1](#JCLINPATH2016204096TB1){ref-type="table"}. This study was conducted in a total of 18 patients aged 11--61 years (mean±SD 31.2±15.0), of whom 14 were male and 4 female (male to female ratio: 3.5:1), with median disease duration of 54 months (range 1--312). Seventeen of the 18 patients had peripheral eosinophilia (mean±SD 25.6%±15.4%). These specimens were resected from the head and neck region: parietal subcutis, infraorbital subcutis, post-auricular subcutis, nasal cavity, upper eyelid, pinna, submandibular glands and parotid glands. The predominant location of the lesion was the head and neck region, but four patients had multiple lesions, such as: inguinal lymphadenopathy, elbow subcutis, breast subcutis and upper arm subcutis. The mean diameter was 4.9 cm, ranging from 2.2 to 7.8 cm. Eleven patients had no history of recurrence and seven patients had had a relapse.

###### 

Clinicopathological details

                     Number   IL-21                  pERK1/2              
  ------------------ -------- ---------------------- --------- ----- ---- -------
  Gender                                                                  
   Male              14       1 726 384 ±1 385 693   0.519     3\*   11   0.999
   Female            4        1 236 822±896 356                1     3    
  Age (years)                                                             
   \<35              9        2 027 178±1 558 506    0.184     1     8    0.576
   ≥35               9        1 208 007±841 626                3     6    
  Eosinophils                                                             
   \<20%             7        1 448 195±1 184 142    0.669     2     5    0.999
   ≥20%              11       1 725 391±1 391 979              2     9    
  Location                                                                
   Head and neck     14       1 351 625±1 127 872    0.102     3     11   0.999
   General           4        2 548 478±1 541 010              1     3    
  Multiplicity                                                            
   Single            6        1 200 026±1 463 319    0.345     1     5    0.999
   Multiple          12       1 826 376±1 200 080              3     9    
  Laterality                                                              
   Unilateral        10       1 553 860±1 553 879    0.822     1     9    0.275
   Bilateral         8        1 697 258±948 355                3     5    
  Size (cm)†                                                              
   \<3.5             3        1 314 675±1 073 772    0.637     1     2    0.999
   ≥3.5              14       1 727 476±1 385 951              3     11   
  Duration (years)                                                        
   \<5               9        1 616 774±1 539 777    0.998     3     6    0.576
   ≥5                9        1 618 411±1 069 496              1     8    
  Primary outbreak                                                        
   Recurrent         7        1 681 368±1 467 344    0.873     0     7    0.119
   Primary           11       1 577 008±1 230 964              4     7    
  Outcome‡                                                                
   Recurrent         7        782 388±674 181        0.049     4     3    0.019
   Recurrence-free   9        1 757 997±1 036 945              0     9    

\*Data are presented as number of patients.

†Data lost.

‡Lost in follow-up.

IL, interleukin.

Sixteen patients were available for the follow-up visit, and two patients were non-responsive to any form of contact. The deadline for follow-up was April 2015. After a mean follow-up period of 32.1 months (range 1--102 months), recurrence was diagnosed as end point for seven patients, with a 44% (7/16) cumulative recurrence rate ([figure 1](#JCLINPATH2016204096F1){ref-type="fig"}).

![Cumulative recurrence curve of 16 patients.](jclinpath-2016-204096f01){#JCLINPATH2016204096F1}

As showed in [figure 2](#JCLINPATH2016204096F2){ref-type="fig"}, compared with controls matched for gender and age, patients showed strong in situ expressions of IL-21 and pERK1/2, respectively (p\<0.05). Distribution of clinicopathological outcomes was compared with IL-21 and pERK1/2 expressions to assess the potential prognostic variables. Patients with strong IL-21 staining intensity had a lower recurrence rate than those with moderate staining intensity (p=0.049). Patients with overexpression of pERK1/2 had a lower recurrence rate than those with low expression (p=0.019). However, differences were not statistically significant by gender, age, eosinophils, location, multiplicity, laterality, size, duration and primary outbreak ([table 1](#JCLINPATH2016204096TB1){ref-type="table"}).

![Expressions of pERK1/2 in Kimura disease (KD) (A) and controls (B) as well as expressions of IL-21 in KD (C) and normal controls (D). Arrow: note the positivity pattern (×100 and×400). IL, interleukin.](jclinpath-2016-204096f02){#JCLINPATH2016204096F2}

Univariate analysis showed that age, expressions of IL-21 and pERK1/2 were associated with prognosis. To adjust for those variables, the parameters listed in [table 2](#JCLINPATH2016204096TB2){ref-type="table"} were calculated in a multivariate analysis. Statistically, pERK1/2 was an independent prognostic factor (p=0.020), while age, gender, eosinophils, multiplicity, laterality, size, duration, primary outbreak and expression of IL-21 were not.

###### 

Univariate and multivariate variable Cox regression model analysis of parameters for time to recurrence in Kimura disease

  Parameters         Univariate   Multivariate                                        
  ------------------ ------------ ----------------- ------- ------- ----------------- -------
  Gender             0.340        0.039 to 3.002    0.332                             
  Age                6.448        0.772 to 53.858   0.085   4.207   0.469 to 37.706   0.199
  Eosinophils        1.464        0.283 to 7.562    0.649                             
  Location           1.250        0.145 to 10.794   0.839                             
  Multiplicity       1.067        0.235 to 4.839    0.933                             
  Laterality         2.972        0.647 to 13.646   0.161                             
  Size               1.272        0.151 to 10.706   0.825                             
  Duration           0.384        0.084 to 1.756    0.217                             
  Primary outbreak   1.330        0.254 to 6.968    0.736                             
  IL-21              0.162        0.019 to 1.352    0.093   0.502   0.051 to 4.909    0.554
  pERK1/2            0.047        0.005 to 0.428    0.007   0.069   0.007 to 0.652    0.020

IL, interleukin.

Discussion {#s4}
==========

KD is a benign, chronic inflammatory disorder of vague aetiology. Kim first reported on the disease in 1937 and Kimura provided more detail in 1948.[@R17] [@R18] About 400 patients have been reported on in English publications.[@R10] It is endemic in Oriental male subjects.[@R1] KD must be distinguished from other diseases, such as angiolymphoid hyperplasia with eosinophilia (ALHE), neoplasms from the parotid gland, Sjögren\'s syndrome, etc. Although ALHE and KD have some similarities, the former is characterised by absent fibrosis and exuberant angiomatoid proliferation pathologically; additionally, peripheral eosinophils and IgE concentrations are typically not elevated clinically.[@R12] [@R13]

In this study, age varied from 11 to 61 years and peaked at the second and fourth decades, which is similar to previous reports that male patients aged between 20 and 40 years were most affected.[@R19] The lesion was commonly seen in the head and neck region, and the parotid region and cervical lymphadenopathy were the most dominant sites of involvement. Epiglottis, larynx, median nerve and chest wall are less often affected.[@R11] [@R20]

Scholars compared three modalities for KD, and this meta-analysis found that surgery combined with radiotherapy leads to the lowest recurrence rate.[@R2] Radiotherapy dosage from 20 to 44 Grays has been advocated.[@R3] [@R23] Radiation of 36--40 Gray were delivered, which was a moderate dose, and no secondary malignant transformation was observed in the follow-up. After an average follow-up period of 32.1 months, the disease recurred in 44% (7/16) of our patients. The high recurrence rate may stem from (1) a different sample size and duration of follow-up; (2) chief complaint was included as one of the criteria for recurrence; (3) diagnosis was based on excisional biopsy rather than fine needle aspiration biopsy as used elsewhere.

The aetiology of KD is unknown, but impairment of immune regulation may play a part. The presence of an increased level of IL-4 and IL-5 expressed by mast cells, activated eosinophils and T cells was validated in KD.[@R24] [@R25] OKT4-positive granuloma T cells were shown to be responsible for the production of two natural mediators for tissue eosinophilia in KD.[@R26] With polarisation of Th2 and Tc1, the number of Th2 and Tc1 cells rather than Th1 and Tc2 cells was elevated.[@R5]

Elevation of IL-4, IL-5, IL-6, IL-10, IL-13, IL-22, granulocyte-macrophage colony-stimulating factor (GM-CSF), thymic stromal lymphopoietin (TSL), TSL receptor, IL-25 receptor, eotaxin, regulated on activation normal T cell expressed and secreted (RANTES), CC-chemokine receptor 3 (CCR3), tumour necrosis factor-α, eosinophil cationic protein, major basic protein, sIL-2 receptor, thymus and activation regulated chemokine (TARC/CCL17), eotaxin-3/CCL26, vascular endothelial growth factor and prostaglandin D2,[@R25] [@R27] and reduction of IL-17[@R27] were seen in KD, whereas IL-4, IL-5, IL-6, IL-10, IL-13, IL-17, IL-25, IL-33, IL-33 receptor, interferon-γ, GM-CSF[@R27] [@R29] [@R30] [@R33] [@R35] [@R37] [@R42] were within the normal ranges. Although there were several inconsistencies, an overwhelming majority of researchers, in our opinion, agree that Th2 polarisation and the increased syntheses of Th2-type cytokines may play crucial roles in the pathogenesis of Kimura disease. These processes may be related to the pathogenesis of this disorder.

Immunostaining for IL-21 and pERK1/2 in patients was stronger than in controls, and in both cases was linked with absence of disease-free. Additionally, pERK1/2 is a prognostic factor for longer DFS. As a pleiotropic cytokine, IL-21 plays a part in lymphocyte activation, proliferation, differentiation and survival.[@R6] It functions through a heterodimeric receptor comprising the unique IL-21R and the common gamma-chain of the IL-2R. IL-21R is widely expressed on cells---either adaptive and innate immune cells or non-immune cells.[@R43] Elevation of IL-21, therefore, has been subsequently confirmed in a number of autoimmune diseases---for example, systemic lupus erythematosus, inflammatory bowel disease, atopic dermatitis.[@R46] IL-21 stimulation increased interferon-γ production and curbed the development of Th2 cells and molecules.[@R50] Meanwhile, IL-21 downregulated the secretion of IgE.[@R51] Numerous reports have shown that IL-21 functions via many signal transduction pathways, including downstream effectors such as ERK1/2.[@R43] ERK1/2 takes part in translating extracellular stimuli---cytokines, chemokines and so forth---into an intracellular process leading to cell proliferation, differentiation, migration, inflammation and survival.[@R52] In addition, ERK1/2 signalling plays a critical role in T cell activation and Th1/Th2 polarisation. It has been reported that ERK1/2 has an immunosuppressive role.[@R57] Meanwhile, inhibition of ERK1/2 led to Th2 polarisation.[@R60] It was proved that the ERK1/2 signalling pathway plays a negative role in IL-4, inducing Th2 development and secretion of IL-4 in Th2 cells. This is consistent with the demonstration that ERK1/2 has an immunosuppressive role.

In conclusion, overexpression of IL-21 and pERK1/2 in KD, and upregulation of IL-21 and pERK1/2 is associated with freedom from disease. This study suggests that the IL-21/pERK1/2 pathway is activated in KD. As KD is a rare disease, a further multicenter study with a large sample size should be conducted.

###### Take home messages

-   Kimura disease (KD) is a rare, benign inflammatory disorder of unknown aetiology and pathogenesis.

-   We demonstrated overexpression of interleukin (IL)-21 and pERK1/2 in a series of 18 patients with KD compared with age- and gender-matched controls.

-   IL-21 and -ERK1/2 may be involved in the pathogenesis of KD, and pERK1/2 might be a potential prognostic indicator in KD.
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